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I~V EATIHIO G5B 1 & L C RN E D
(Fig. 1), —FEFEOARMFENOLOMFEBIERIZED, ~ 1
FATIDEA NS v 7o a AT AHRE R E DS
TRVl BT R0 A RE LTI &2 HIE LT,
SHITRTRY -1 O AHEIREREZ X, PKA ICX5E
VAV ES B Az LR AL U

AR, FRMAR ~ 7 220 AUED BE IV T,
W~ 27 5F ¥ )L TRPM6 BAGFIZEFA R o0
D, =T R LIRAG AR ADFEIZ TRPM6 ?6/%5@'5]
HABZEDVRIBEII TS, TRPM6 1T BOD N0 IR
LRI RTEL . AR EMaN D~ 2 zv?M;%
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THY, MaND~r zvrimvz“z&yxm%}%m:%é
A 5ERBINTND, 7o, TRPMT OFEBUENNCES
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STHIRFEN S E I SNAHZENHEZI TS, A
ZECIE, RIS TRV TRPM6 DR Bk

ZH~, TRPM6 OAFRIAENZ DV TRRETLTZ,
2. IRAE
2. 1 NRK-52E #ifam i

NRK-52E il 2 DMEM $5H#1 (5% FCS %) THi#EL , 3
~ 4 BN 7 Vi IO TR U7, SEBRICE )
I %R HIZ, ECS 7V —0 DMEM Kl {E&#al 7=, £7-.
HE JE I D fRHT IR Tl 0.5% FCS %5 A72 DMEM
B HIC 48 FFHIFFAER L . FEBRICEEH 9 DRTHIZ, 5%
FCS & DMEM FiHuZ @ #al 7=,
2. 2 HERAMHES LIRE S OFRHE

Hifaz PBS T 2 [EIEA%, B/ AL —/S—Thi %;92
b~AraF 22— L, 5,000 rpm, 4°CT 2 4yfiliz
L7z, BiEZBRZEL. lysis buffer (1% Triton X-100, 150
mM NaCl, 1 mM EDTA, 20 mM Tris-HCI, pH 7.4, 0.1%
SDS) TH##L ., 20 DY = — a2 kil iafEs
T, Zavamiafh sy &L, 5] &fix 8,000 rpm T

SyfEliE LU TR GV RGBS A R 5y & LT L
77
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Fig. 1. Schematic model of magnesium transport pathways in renal tubule
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— AR B IO kiR E OGRSz, 7ayX 7T
1% 5% AXLINVIEFER LU, 72720, VB bhiikafE
H3 285813, 2% v g7 V7 Ty 7Lz,
NURORBHICIE, ECL VA&7 a7 0 7 i R
ERIOA— U777 40— 74V DL,
2.4 HBRTT R LRE (Mg™]) DBIE

HE B 2 2 T T BB M E D N —H T A B
NRK-52E Mifuz 52 L7, EEROFTH IC ﬁu‘{ﬁ ZY—D
DMEM 55 2@ #a L 7=, [Mg”™']; @l & (21X HBSS
(137 mM NaCl, 5.4 mM KCl, 42 mM NaHCOs;, 3 mM
Na,HPO,4*H,0, 0.4 mM KH,PO,4, 5 mM Hepes, 0.8 mM
CaCl,, 10 mM Glucose, pH 7.4) % i L 7=, Mag-fura
2/AM ZA MR, JIREHOLEEEE (H A2 F-2000) % H
T M AR E L,
2.5 RT-PCR

Hifda PBS T 2 [EIPEEH% ., ISOGEN THfEL, ~A~
0F 2 —7 B LT, L EEIZED, total RNA ZHHHL
TKICIERLT-, 15517 RNA OREZRIER ., Wil
BRSEAToTz, £D1%, Table 1 @7°§4v—%{ﬁﬁﬁb
T, PCR Xhis B1To7c, #3617 PCR FEWZT FTm—A
TITCHBEL, =F VU LT v ARG TRURZfER
L7z,

Tablel. 7*7A~—DEF|

2. 6 siRNADFIVRTTYay

A B IZH IR 2 #E FE 1% | Lipofectamine 2000 % T
TRPMG6 siRNA, c-Fos siRNA %7213 c-Jun siRNA #h7>
A7 xyvar Uiz, 6 K%IZ 5% FCS & DMEM B

(ZEHRL, S5 36~48 BFHIREE LT,
2.7 7OE—42—7vtA

bl TRPM6 5°-flanking o> -1,214/-718 Z PCR T
IR, pGLA.l Ly T =T — BRI F— 2T /n—=
VLT, PCRIEIZED, TV—Tar _o 2 —%EfLT-,
F7-. Mutagenesis kit 2V T, AP-1 #5AFEIROZ BAK
ZERL 72, pGL4 X7 % — & pRL-TK N/ 4 —%
HEK293 Ml h T 27 27 a L, 6 BRI 5%
FCS & MEM EFHiZEHL, SHIC 48 WiflEsaEL 7,
Dual-Glo Luciferase assay kit T, L7 =7 —ED
FHFREZREL , TRPM6 D7 mE—4—iG A FH
L7z,
2.8 YOXFURELRE

HEK293 fifz= 7L NETHR L, S ALERT |
EZ Chip Chromatin Immunoprecipitation kit %\ T, %
PEILIEZAT ST, SPEILREITIX, c-Fos £721% c-Jun HUiK
LT, SO LA EL | Table 2 D7T1
~—% H\\ T PCR &#17o7,

Primer Sequence
Sense TRPM6-314S 5'-CTTCTTGGGATACAAAATCGG-3'
TREMG Anti-sense TRPMO6-1575AS 5'-GAAACTTTTCCTAGTGTAGCTG-3'
Sense TRPM7-821S 5'-GAATTCATGCTAGAATTGGGCAAGG-3'
TREMT Anti-sense TRPM7-1831AS 5'-GCGCTTGGTCTCTGGATCATC-3'
Sense c-Fos-390S 5'-GCAGCTATCTCCTGAAGAGGAA-3'
e-Fos Anti-sense c-Fos-904AS 5'-CTGCTGCATAGAAGGAACCAG-3'
e lun Sense c-Jun-374S 5'-ATACGCTGCCCAGTGTCACCT-3'
Anti-sense c-Jun-892AS 5'-CCAGCTCGGAGTTTTGCGCTTTC-3'
) Sense RAcl 5'-TCCTAGCACCATGAAGATC-3'
P-actin Anti-sense RACc2 5'-AAACGCAGCTCAGTAACAG-3'
Table 2.
Primer Sequence
AP-1 Sense AP-P421S 5'-CTGTGTGCTTTGTGCCACCTC-3'
Anti-sense AP-P616AS 5'-GAAATGGGGTCTCACTATGTTG-3'
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2. 9 HERRIETES JUHIRASEDAIE

NRK-52E #ifii% 96 wells 7'L— Mk L S uLER
R sSiRNA DTV AT =735 %17-572, Cell counting
kit (FY=AB52) 2 VT MR A [ e LT, Fiz, TR
= RERT = ZAOFHM D728 , #BIEIZ annexin
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BlELT,
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NRK-52E #ifiaz 6 wells 7L —MMI#EFEL . 0.5% FCS
% DMEM T 18 KffH][FFREE R L7z, 3L £721%

SIRNA DRFU AT =7 a1% 24 Rl E LT, D%,

5% FCS & DMEM (TEH#AL | 24 WiflkEE L7, Milaz
HIBEEL | propidium iodide & fifL7=, BD FACS Canto 2
Flow Cytometer % FH\V N CHRa & #2-HE L7z,

3. KR

3. 1 fRIEERIEE LU EGF 1I2&% TRPM6 DN
7w N PR A H ok NRK-52E #flfiz i\ C, TRPM6

DIy =247 oy N2 L0 iEER LT~ EGF

UL, IRERIFA)7e ERK OV (b BlsRsnT-

(Fig. 2) , ZDOVURR{kIE, MEK BHEA]D U0126 (ZXVBH
EI72, ERK OV FEEIZEFIL T, TRPM6 O FEHLE
WAL LT, TRPM6 3Bk 9-2 Al i 5 i o s 288
BRRDBID, a—T 4 T BLD IR T L — el
LTz, =T 4> T HEHDOT L —MNIIT., MlazfEFEL
THD 6 WifT4 ., 24 REREIFZ1, 87.9% & 84.5% DHEE R
Tholz, Mz EHER O cRGDIV f£/E FCiE.
52.9% & 66.4% Tholz, A—T A T HEDIpNT L —
Tl 23.0% & 51.8% Th-o7=, MRS R IMEL IR
RECIX, ERK OV ERLEAMELS, TRPM6 DR B EHIK
Motz, LLEDZENS, ERK DU FR{E)Y TRPM6 D3
BARE B 59D LmBE Tz, p38 MAP ) —F [
#lo> SB202190, INK BHE I SP600125 (X, TRPM6
FEHU A RS2 o122 8D (R RIFR S0 |
INBDT T T MEERE T TRPM6 DRSNS
L7 ERBEing,
3. 2 EGFIZ&BIT R LTRADENM

TRPM6 DFEBLEIZLLHIL TR ~D~ 7 %7 I
MANEALT DODEF D201, Mg, DAL E
ZIE LT, AN 1 mM MeCl, 23458, R
TEHIC [M™']; A EFRLT= (Fig. 3). [Mg™]y D2 bR,
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Fig. 2. Increase in TRPM6 expression by the phosphorylation of ERK1/2
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Fig. 3. Inhibition of magnesium influx by U0126
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IR =TT e — 2GRS (Fig. 4), EGF 1%
T —{EE AR R L T=Z L5 TRPM6 0% B
IR GIEPED TUHEN B G- D LRI 7z, 100 bp
FTODFV—ar T vk, -842/-718 FEBIZHR TR
HEALEAL N D EDA LN e~ Tz, T2, ZOREKIZ
EHEND AP-1 FEG TR ARG ALILZA, avbr
—/V B IO EGF IZXDEREIEMEA HES NIz, LA LDz
LI, c-Fos E£771% c-Jun 78 TRPM6 OV ot —4—fH
WIERL, S8EE N TUE T D RS,
3. 4 c-Fos $&U c-Jun M TRPM6 (B FFETfEE A~ D

e

TRPM6 DR EFEIZI T, c-Fos L c-Jun D
B 5 AAREIC T A0, ya~TF ol tbaiTo7-,
c-Fos F721% c-Jun HFURTHRIZILIEEZITV Y, TRPM6 7'
E—X—fHIKD PCR #{T~>7-L2A, 2 ba—/Lt EGF
JVERAEAE T/ R SRR S U728, U0126 ALFRAHE Tl
NURPRH SN oTe, Flo, XA T 47 avka—v
ELTC, Y IgG THRIFEREL 72 7L Tid, SRR
BHENRhoTe, FuEe—2—T v EAIZBWT, c-Fos
F721% c-Jun siRNA 238 AL=EZ A, avba—Ld
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Fig. 4. Increase in promoter activity by EGF
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EGF (2L TR I S 7= (Fig. 5), LA EDZEX
0. TRPM6 7' 1E—& —fEIKIZ, c-Fos 3BL O c-Jun 23
faa L, BREYEMEZ TTHET D2 LN oT,
3. 3 EGF [k HERatETEDHEM

EGF [3fifctfsiEz{edEL . U0126 1340HIL7= (Fig. 6).
F7-. TRPM6 siRNA DE ALY, U0126 &[RIERIZHE
e BB AMK T Uz, ASE U, MR EEFE AR T 23, f
G EBIOMIEDOI KICEDZEnE 26D, 2
T, MIEEIZD TRPM6 DI B EAID . 82
L7z, TRPM6 OFEHFHLFEAITIL, 3£ AL LDH A3
LTELT MREENSEE TWORNZ EMNRENT (6
BITREARW) , WISHIBRSED BE S\ > W TRt L=,
TRPM6 DOFHHERNC IV FHESINDDNE
annexin V & propidium iodide > —E Y2 F L THist
L7z TRV ADRT T 47 arba—/LELT 50 uM
VAT ST B MRS o7 annexin V
DYt L propidium iodide DY ARSI N, F7-.
RIO—VADRT T 47 A ba— L LT d ) — /LA
L 72854 . propidium iodide ODEZY: D A ME LRSI,
—J7. TRPM6 DOFBIHEHR TR 72555 | annexin V
& propidium iodide D 5 THAAINIRD -T2 b il

JAZENFHE SN NZEDBABNNI 25T, L EDTEN
5, TRPM6 %41 L7~ 20 AN HIR A 25 28
0TI M)A OFEIC B 5T D LRmeI i,
3. 4 fRARELRASEFIZT S TRPM6 RIRDEE

P ATV ARIF R F—8 (CDKs) (3 A 7V EHE AR
ZRT HZ LR Ml E OB T AR ESE D, —
77, p27°Pt p21€P! p16™ 4 22> CDK FHLERFIE, V-
A7V -CDK A MRICHEA L., MfaE o T2 T E
5o ZNETIZY A2V DI-CDK4 B EIEDOTERMEALIC,
MEK/ERK #0335 HZLnmiEEn b, 2T,
PA7) DI 270 OB AEREELY T AX T 0y
NCHFILIZEZ A, EGF 1I2X0¥(2Y> DI AL,
U0126 X EGF O EAEL (Fig. 7). —75. p27°%!
DRBLETIZEAEEN LD o7, £72. TRPM6
SIRNA (2> TH A2V DI AL, p275P! 13281k
Teinotn, ZRHORERIT, U0126 OfEFRLHEL 5, =
DT L5, NRK-52E HIEIZIU T, MR E o Tic
MEK/ERK #%#% /1 L7= TRPM6 3D _EHBSEEL .
FA270 D1 OB LA E MRS LD LRI S
0z,

-60 -



>

140 ¢

EE—
(o= T == T
o o 9
L L} LJ

[=2]
[=]
L]

ok

|

Cell number
(% of control)

B
==
L) L]

[=]

S
& \rﬁ)

L
RO &

<
ES

(VY

140

— -
[ =T e B ]
o o @
L L L]

Cell number
(=]
[==]
L ]

(% of control)

A B
[ T e
| L}

[=]

Fig. 6. Decrease in cell proliferation by U0126 and TRPM6 siRNA
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Fig. 7. Decrease of cyclin D1 expression by U0126 and TRPM6 siRNA

3. 5 HIRRREHADRALICxIT S TRPM6 REDFEE
B FE R AT R -2 MEK/ERK FR¥8I12 J» CRfli S
NDZEDITRENT=D T, 7a—H AR A—F—% U THl
fu JE 2822 7=, EGF 12XV G1 #ioMfassk L, S
OB, AU A 27U D1 EAHERIO

HIMCAREL 7= Bl5 LB 2 b, — 77, U0126 1280
Gl #iofassgmL, s MoMiank Lz, &6HiC
TRPM6 siRNA (28~ T Gl HioH & S FoJ 23 e
i, DL EDFERD S, TRPM6 OFEEINHIZ L0127V
> D1 EBEFBEBA L, MlaE o Gl #1225 S i~
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DOBATH RIS NDT LAVRIRS T,

4. &% B

~ 7 R DA T 300 FEEALL_EOBESE OHiBhIN
FEL X, DNA &5k, B EE AR, MfaEiER s o
FAENC B W TEERAE 2, ZHUbEbLT, AR
W LU~ 7 F T IR AF A L AD FHEIE X
AN E N, TRETIC, v 7 R AEARELT
Na" (K719 Mg”" ZZHafR, Na™ FEIRIFAY Mg 23 Ha (A
< TR BT RIVIRE DIFAED T REN TETZ, Y5
Tl NRK-52E MfiC3 T, Na™ {K7ERY Mg™" ¥t
1728 NO/cGMP (ZX- T, Na" FEEAFR Mg® it s
20-HETE (Lo TEM b AZ a2 MmEL TWD, L
L. 2GR IZ B 550 1D FRITHABN 725 T
W, — 7 R T AR AR B 5300 752
RDBASINT Ao TETZ,

A, TRP 773U—EL T TRPM DIFENHE S,
7273 CH TRPM6 & TRPM7 I3~ R0 A AT /b
ELTHREL TV D ZEDHIBMNIT /> TE T, TRPMT7 O
1t el 7 BLCFE BLIN I S sE 2 Sl S T2 &R0,
TRPM7 %I L7z v A AL E # oo s i 1 B
HLTWAEDOHENRHDH, L)L, TRPM6 23 HlfaFRED
HEFFIZ LN G TSI TR,

< AZEUNT, 17B-estradiol 0~ R AMERED
IR TI2&>7T TRPM6 mRNA L UL 45 L &
TS Bl 23 TRPM6 OREHI7 5 BLR SIS T S0
(2725 TR, ARBFSE TH 4 14, MEK [REA] U0126
(Z&->T TRPM6 FEELNEA L, TRPMT (ZIFEZEEL 720

ZEEABINI LT, T, EGF HiBE ARG - D2 BLARM,
WY EAR PR~ 7 2 ASE D BE TI RS- W

EBIT, PLH AL T EGF Z B ARTEHIHIE A L&
FT, M~ 2y MREOIK TGS TND, 2
NHDOZEND, AERNBLOHIEN~Z R LRED
FETZ . EGF/MEK/ERK 8B 25BILRL TV DT L3 HESR
e,

TRPM6 DR BIBAEAZ LB L 73, DX, LDH 2MEEA
CIRHL TEL 3 Ml ENEE QR ol Fe,
IO —Y AR T IR = ALV FE N FE SN T
WRNZEBHBMNTIR 5T, ZOT LG, TRPMT LRlER
(2, TRPM6 HEfuJE IO MEITICREFR T D2 &M RS

oo A2V DI OFBLT, EEMBEIZENT
MEK/ERK #R¥IZ Lo TS L, G1 #1226 S i~
ITICBISLCW5, 27V DI 3% EGF 12Xk~ THY
JNL7273, U0126 & TRPM6 siRNA (2L~ Tl LI-Z&
735, NRK-52E Al i oo 4l i J&) ) o Ji g ik, A2V
D1 WEELRKEEZ L WD EE LD, U126 &
TRPM6 siRNA OHifaEHIC k352 R amatlizeZ
A, Gl #iofaoRE S MR MFEH B2 ED
5. Gl {126 SHI~DBATHAIfIS NI EmeIng, LA
Loz LG, 00126 X° TRPM6 siRNA [ZAEN ~D~
TR KRN DS A7) DI AEELA I 5
ZLIZED., Gl 19D S HI~DOBATEIHI T DL REES
7

AL T, NRK-52E #ifi2i5i7% TRPM6 FEELAS,
MEK/ERK #REE Lo CRBISNHZ LB BMNIC L,
ERK DV, c-Fos XL c-Jun 2NEME LS4,
TRPM6 O /' mE—Z—{EMHENLEL 7z, U026 X°
TRPM6 siRNA (FFHfLN~D~ T 1T ML AR>S
B, A7V D1 BEEIHILTZ, ZDORER, GU/S Hlo
HRE A O TN S 7=, MEK/ERK % O 3R ik
HEDFHF X, TRPM6 FBLOK TITLY, Mg~ 1
U LTRAF ALY RBEHRES T DERBS LD,

5. §thDRE

BARALSIZB W T, IBEDARN AR ATEDEALIC
FO~ 73y AMERE ST EFD L TND, v 7%
2 DT E MR A SRS TR, i R
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Summary

The magnesium balance of whole body is regulated by the kidney which adapts magnesium excretion based
on net magnesium absorption from intestine. Chronic magnesium deficiency may be involved in the
lifestyle-related diseases such as hypertension, diabetes, and hyperlipidemia and renal failure. Mg?" filtrated by
glomeruli is reabsorbed by transcellular and paracellular pathways in renal epithelial cells. Transient receptor
potential melastatin 6 (TRPM6) channel is expressed in the apical membrane and involved in the reabsorption of
Mg*".  The regulatory mechanism of TRPM6 expression has not yet been cleared.

TRPM6 mRNA and protein were endogenously expressed in rat renal tubular NRK-52E cells. Epidermal
growth factor (EGF) increased the TRPM6 expression. The basal and EGF-induced TRPM6 expressions were
inhibited by U0126, a MEK inhibitor, and LY294002, a PI3-K inhibitor, but not by SP600125, a JNK inhibitor, and
SB202190, a p38 MAP kinase inhibitor. Promoter activity of human TRPM6 was observed in the TRPM6
5’-flanking region from -1,214 to -718. This promoter activity was enhanced by EGF and inhibited by U0126.
The mutation of the putative AP-1 binding site (-741/-736) completely inhibited the basal and EGF-induced
promoter activity. The introduction of c-Fos or c-Jun siRNA inhibited the basal and EGF-induced promoter
activity. A chromatin immunoprecipitation assay revealed that c-Fos and c-Jun bind to the AP-1 binding site
within the region of -1,214/-718. These results suggest that EGF up-regulates TRPM6 mRNA expression
mediate via the activation of MEK/ERK/AP-1-dependent pathway.

EGF increased the proportion of cells in S phase and decreased that in G1 phase, whereas U0126 and TRPM6
siRNA increased the proportion in G1 phase and decreased that in S phase. Furthermore, cyclin D1 expression
was decreased in the U0126-treated or TRPM6 siRNA-treated cells. These results suggest that TRPM6 is
involved in the regulation of cell cycles.

EGF is secreted from epithelial cells after tubular injury. We suggest that EGF increases cell proliferation

mediated via an increase in TRPM6 expression, resulting in the recovery from tubular injury.
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